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 Substansi P merupakan neuropeptida yang meningkat pada PPOK eksaserbasi akut. 
Respon bronkodilator diukur dengan nilai arus puncak ekspirasi (APE). Perbaikan klinis 
diukur dengan skor COPD Assesment Test (CAT) akan meningkat seiring dengan 
perburukan gejala klinis PPOK. Inhalasi magnesium sulfat memiliki efek bronkodilator dan 
antiinflamasi, mampu memblok kanal kalsium dan menghambat substansi P. Penelitian ini 
ditujukan untuk menganalisis pengaruh inhalasi magnesium sulfat terhadap kadar substansi 
P, respon bronkodilator, dan pasien PPOK eksaserbasi akut.  
 Penelitian uji klinis quai eksperimen, pre dan post test design dengan 34 pasien 
PPOK eksaserbasi akut yang dirawat di RSUD dr. Moewardi Surakarta dan RS PAru Ario 
Wirawan Salatiga bulan Maret-April 2017 secara consecutive sampling. variabel bebas 
adalah inhalasi magnesium sulfat dosis 150mg tiap 20 menit selama serangan, sedangkan 
variabel tergantung adalah respon bronkodilator, kadar substansi P dan perbaikan klinis 
pasien PPOK eksaserbasi akut. 
 Terdapat perbedaan bermakna (p=0,000) penurunan kadar substansi P kelompok 
perlakuan (-1305,92 ± 417,91) dibanding kelompok kontrol (-355,95 ± 206,25). Terdapat 
perbedaan bermakna (p=0,009) penurunan nilai APE kelompok perlakuan (111,76 ± 12,37) 
dibanding kelompok kontrol (141,18 ± 24,21). Terdapat perbedan bermakna (p=0,000) 
penurunan skor CAT kelompok perlakuan (-14,88 ± 1,75) dibanding kelompok kontrol (-
9,00 ± 1,17). 
 Penambahan inhalasi magnesium sulfat 150 mg saat eksaserbasi meningkatkan nilai 
APE, menurunkan kadar substansi P, dan menurunkan skor CAT dengan hasil signifikan 
secara statistik.  
 
Kata kunci: Inhalasi magnesium sulfat, Kadar substansi P, Respons bronkodilator, 
Perbaikan klinis, PPOK eksaserbasi akut 
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 Substance P is a neuropeptide that increase in acute exaserbation of COPD. The 
bronchodilating response was measured by the peak expiratory flow rate (PEFR). Clinical 
improvement was measured by COPD Assesment Test (CAT) will increase by worsening 
of clinical symptoms of COPD. Inhalation of magnesium sulfate has a bronchodilator and 
anti-inflamation effect, capable of blocking calcium channels and inhibiting substance P. 
This study aimed to analyze the effect of magnesium sulfate inhalation on levels of P 
substance, brobchodilator response, and acute exaserbation COPD. 
 A quasi-experimental clinical trial, pre and post test design with 34 acute 
exaserbation of COPD patiens who are hospitalized in emergency room in dr. Moewardi 
Surakarta and Ario Irawan Salatiga, March-April 2017 used consecutive sampling. The 
independent variable is inhaled magnesium sulphate dose of 150 mg every 20 minutes for 
threatment, while the dependent variables are peak expiratory flow rate, the plasma levels 
of substance P and CAT score acute exaserbation of COPD patients. 
 There was a significant difference on level of substance P treatment group (-
1305,92 ± 417,91) than control group (-355,95 ± 206,25). There was a significant 
difference (p=0,009) decrease of PEFR value of treatment group (111,76 ± 12,37) 
compared to control group (141,18 ± 24,21). There was a significant difference (p=0,000) 
decreease in CAT score of treatment group (-14,88 ± 1,75) compare to control group (-9,00 
± 1,17). 
 The addition of magnesium sulphat inhalation of 150 mg during exaserbation 
increase PEFR, decrease the level of Substance P, and decreased the CAT score with 
statistically significant results. 
 
Keywords: Magnesium sulphate inhalation, Level of Substance P, Bronchodilating 
response, Clinical improvement, Acute exaserbation of COPD 
       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xii	  	  
     DAFTAR ISI 
 
HALAMAN JUDUL ................................................................................................  i 
LEMBAR PENGESAHAN .....................................................................................  iv 
PERNYATAAN KEASLIAN DAN PERNYATAAN PUBLIKASI....................  iii 
KATA PENGANTAR ............................................................................................  v 
ABSTRAK ...............................................................................................................  x 
DAFTAR ISI ..........................................................................................................            xii 
DAFTAR TABEL ...............................................................................................        xviii 
DAFTAR GAMBAR ..............................................................................................          xvi 
DAFTAR SINGKATAN ........................................................................................           xx 
BAB I. PENDAHULUAN 
A. Latar belakang masalah........................................................................     1                                                                        
B. Rumusan masalah.................................................................................   2 
C. Tujuan penelitian..................................................................................     3 
1. Tujuan umum...................................................................................    3 
2. Tujuan khusus..................................................................................     3 
D. Manfaat penelitian................................................................................   3 
1. Manfaat keilmuan............................................................................     3 
2. Manfaat praktis................................................................................     3 
BAB II. LANDASAN TEORI 
   A. TINJAUAN PUSTAKA......................................................................     4 
1. Penyakit Paru Obstruktif Kronik (PPOK).............................................     4 
a.  Patogenesis penyakit paru obstruktif kronik......................................   7 
b. Patologi penyakit paru obstruktif kronik ..........................................    8 
c. Patofisiologi penyakit paru obstruktif kronik...................................   11 
2.  Diagnosis Penyakit Paru Obsturktif Kronik .........................................   13 
3. Penilaian Gejala PPOK ...........................................................................  13 
4. Klasifikasi Hambatan Aliran Udara PPOK ..............................................15 
       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xiii	  	  
5. Penilaian Resiko Eksaserbasi ................................................................. 15 
6. Kombinasi Penilaian PPOK .................................................................... 15 
7. Penatalaksanaan......................................................................................  16 
8. Penyakit Paru Obstruksi Kronik Eksaserbasi Akut................................. 22 
9. Mekanisme Neurohumoral Saluran Napas ............................................. 25 
10. Mekanisme Kontraksi dan Relaksasi Otot Polos .................................. 27 
11. Arus Puncak Ekspirasi (APE) ............................................................... 30 
12. Substansi P............................................................................................ 31 
13. Magnesium............................................................................................ 33 
 a. Metabolisme Magnesium................................................................... 35 
                    b. Homeostatis Magnesium .................................................................. 37 
        c. Hipomagnesemia .............................................................................. 39 
           d. Hipermagnesemia ............................................................................ 41 
           e. Kontra indikasi, efek samping dan interaksi magnesium ................ 42 
           f. Dosis Magnesium ..............................................................................43 
14. Peran Magnesium Pada Paru ................................................................ 44 
15. Peran Magnesium Pada PPOK ............................................................. 48 
a. Magnesium sebagai bronkodilator  ............................................ 49 
b. Magnesium sebagai antiinflamasi .............................................. 49 
16. Magnesium Sulfat ................................................................................  50  
a. Farmakokinetik Magnesium Sulfat ............................................ 50 
b. Farmakodinamik Magnesium Sulfat .......................................... 51 
c. Mekanisme kerja Magnesium Sulfat pada PPOK ...................... 51 
d. Dosis inhalasi Magnesium Sulfat ............................................... 51 
e. Cara Pemberian Inhalasi Magnesium Sulfat .............................. 52 
f. Efek samping inhalasi Magnesium Sulfat .................................. 52 
B.   Kerangka teori penelitian..................................................................... 53 
C. Kerangka konsep penelitian.................................................................  55 
D. Hipotesis............................................................................................... 57 
 
       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xiv	  	  
BAB III. METODE PENELITIAN       58 
A. Rancangan penelitian..........................................................................  58 
B. Tempat dan waktu penelitian..............................................................  58 
C. Populasi penelitian............................................................................ 58 
D. Pemilihan sampel............................................................................... 58 
E. Besar sampel...................................................................................... 58 
F. Kriteria inklusi, eksklusi dan diskontinu............................................ 59 
G. Variabel penelitian............................................................................. 60 
H. Definisi operasional .......................................................................... 60 
I. Instrumen penelitian.......................................................................... 62 
J. Prosedur pengumpulan data.............................................................. 63 
K. Teknik pemeriksaan.......................................................................... 64 
L. Etika penelitian.................................................................................. 66 
M. Analisis data....................................................................................... 66 
N. Alur penelitian................................................................................... 68 
BAB IV. HASIL PENELITIAN DAN PEMBAHASAN    69 
A. Hasil ...................................................................................................... 69  
1. Karakteristik dasar subjek penelitian ……………………………. 69 
2. Perbedaan pemberian MgSO4 terhadap Kadar Substansi P …….. 74 
3. Perbedaan pemberian inhalasi MgSO4 terhadap nilai APE ........... 76 
4. Perbedaan pemberian MgSO4 terhadap skor CAT ..............……..78 
5. Korelasi antara kadar substansi P dengan nilai APE  
dan nilai APE dengan skor CAT pada pemberian  
inhalasi MgSO4 ……………......................................................... 80 
B. Pembahasan ..............................................................................................80 
1. Karakteristik dasar subjek penelitian ..............................................81 
2. Pengaruh pemberian nebulisasi magnesium sulfat  
terhadap kadar substansi P  ............................................................ 83 
3. Pengaruh pemberian nebulisasi magnesium sulfat  
       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xv	  	  
terhadap respons bronkodilator ……………………………………83 
4. Pengaruh pemberian nebulisasi magnesium sulfat  
terhadap skor CAT ......................................................................... 84 
5. Korelasi respons bronkodilator, kadar substansi P,  
dan perbaikan klinis pasien PPOK eksaserbasi akut  ..................... 86 
C. Keterbatasan ............................................................................................ 86 
BAB V SIMPULAN DAN SARAN       87 
A. Simpulan ..................................................................................................87 
Implikasi ..................................................................................................87 
B. Saran ..........................................................................................................87 
 
DAFTAR PUSTAKA.............................................................................................. 89 
LAMPIRAN.............................................................................................................  
       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xvi	  	  
DAFTAR GAMBAR 
 
Gambar 1 Peran stres oksidatif pada PPOK............................... 6 
Gambar 2 Patogenesis PPOK..................................................... 8 
Gambar 3 Efek paparan iritan pada PPOK................................ 9 
Gambar 4 Perubahan saluran napas besar pada PPOK.............. 11 
Gambar 5 Efek bronkodilator pada hiperinflasi paru................. 12 
Gambar 6 COPD Assessment Test............................................. 14 
Gambar 7 Kombinasi penilaian PPOK...................................... 16 
Gambar 8 
Gambar 9 
Terapi farmakologis PPOK stabil............................. 
Mekanisme kerja bronkodilator pada PPOK............ 
20 
21 
Gambar 10 Penyebab PPOK eksaserbasi akut............................ 23 
Gambar 11 Konsekuensi PPOK eksaserbasi akut berulang........ 24 








Gambar 14 Otot polos saluran napas........................................... 28 
Gambar 15 Mekanisme kontraksi otot polos saluran napas......... 29 






Peran substansi P pada paru...................................... 
Lokasi dan mekanisme kerja magnesium.................. 
33 
34 
       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xvii	  	  
Gambar 19 Distribusi magnesium intrasel................................... 36 
Gambar 20 Metabolisme magnesium........................................... 37 
Gambar 21 Absorbsi magnesium pada usus................................ 38 
Gambar 22 Peran ginjal terhadap kadar magnesium tubuh......... 39 
Gambar 23 Peran magnesium pada paru...................................... 45 
Gambar 24 Mekanisme relaksasi otot polos saluran napas ......... 47 






Kerangka konsep penelitian...................................... 





Alur penelitian hubungan pemberian inhalasi 
MgSO4 terhadap respons bronkodilator, kadar 













       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xviii	  	  
DAFTAR TABEL 
   
Tabel 1 Faktor risiko PPOK....................................................... 4 
Tabel 2 Sel inflamasi pada PPOK.............................................. 5 
Tabel 3 Mediator inflamasi pada PPOK.................................... 5 
Tabel 4 Perubahan patologis PPOK........................................... 10 
Tabel 5 Kuesioner modified Medical Research Council........... 16 
Tabel 6 Klasifikasi hambatan aliran udara PPOK..................... 15 
Tabel 7 Kuesioner Fagerstrom Test........................................... 18 
Tabel 8 Terapi non farmakologis PPOK.................................... 24 
Tabel 9 Fungsi magnesium........................................................ 35 




Tabel 11 Etiologi defisiensi magnesium...................................... 40 
Tabel 12 Gejala klinis hipomagnesemia...................................... 40 





       Bagian Pulmonologi dan Kedokteran Respirasi FK UNS/ RS. Dr. Moewardi, 2017	   	  xix	  	  
DAFTAR LAMPIRAN 
 
Lampiran 1 Lembar penjelasan kepada penderita…………………  97 
Lampiran 2 Lembar persetujuan mengikuti penelitian……………  100 
Lampiran 3 Lembar data penderita……………………………….   101 
Lampiran 4 Teknik pemeriksaan………………………………….   103 
Lampiran 5 Lembar isian………………………………………….  105 
Lampiran 6   Data penelitian……………………………………….  109 
Lampiran 7   Hasil pengolahan data………………………………..  111 
Lampiran 8   Ethical clearance…………………………………….  127 
Lampiran 9   Surat pengantar penelitian…………………………… 128 
Lampiran 10 Ijin penelitian dari RS Paru Ario Wirawan Salatiga…. 129 





































: 5 guanosine monophosphate 
: antibody 
: adenylyl cyclase 
: acethylcoline  
: angiotensin converting enzyme inhibitors 
: atril natriuretic peptide 
: antigen presenting cell  
: Arus Puncak Ekspirasi 
: adenosine triphosphate 
: α1-antitripsin  
: β2 adrenergic receptor  
: calsium 
: calsium,magnesium-adenosine triphosphatase 
: Cluster of differentiation 
: COPD Assessment Test 
: COPD Control Questionnaire 
: chemokine ligand 5 
: Calcitonin Gene Reaktane Peptide 
: lung compliance 
: chemokine ligand 10 























: CXC chemokine receptor ligand 3 
: cyclic adenosine monophosphate 
: cyclic guanosine monophosphate 
: diasilgliserol 
: deep tendon reflexes 
: epinephrine 
: elektrokardiografi 
: excitatory non adrenergic non cholinergic 
: guanylil cyclase 
: Global Initiative for Asthma 
: glutamat 
: Global Initiative for Chronic Obstructive Lung Disease 
: G-protein-coupled receptor 
: gluthatione 
: Human Immunodeficiency Virus 
: Intensive Care Unit 
: interferon-γ  
: interleukin  
: inositol 1,4,5-trifosfat 
: interferon gamma-induced protein 10 
: kalium 
: Kapasitas Vital Paksa 























: Leukotriene B4 
: muscarinic acethylcoline receptor 2 
: muscarinic acethylcoline receptor 3 
: monocyte chemoatracctant protein-1 
: Magnesium 
: Magnesium sulfat 
: matrix metalloproteinase   
: Mayor Histocompatibility Complex  
: Maximal expiratory pressure 
: Maximal inspiratoty pressure 
: modified Medical Research Council  
: Myosin Light Chain 
: Maximal voluntary ventilation 
: norepinephrine 
: Nuclear factor κβ 
: neutrofil chemotactic factor  
: N-methyl-D-aspartate 
: Nitric oxide 
: Inorganic phosphate 
: protein kinase 
: protein kinase A 
: protein kinase G 
























: phospholipase C 
: Reactive oxygen species 
: Nuclear factor 
: Penyakit Paru Obstruktif Kronik 
: Perhimpunan Dokter Paru Indonesia 
: regulated on activation, normal T cell expressed and secreted 
: airway resistance 
: ras homolog gene family member A-guanosine diphosphate 
: ras homolog gene family member A-guanosine triphosphate 
: secretory leukoprotease inhibitor 
: Substansi P 
: stimulatory G-protein 
: T cell receptor   
: transforming growth factor-β  
: T helper 
: thymic stromal lymphopoietin 
: tumour necrosis factor-α  
: vascular endothelial growth factor 
: Volume Ekspirasi Paksa detik 1 
: Vasoactive intestinal polypeptide 
: World Health Organization 
